The efficiency of two patient-dependent, variable performance techniques of oxygen therapy in relieving hypoxaemia after upper abdominal surgery was compared. A high-flow system delivered a humidified mixture of oxygen 2 litre min" 1 and air 13 litre min" 1 through a cannula inserted into the anterior nares. The low-flow system delivered 2 litre min" 1 of dry oxygen into the nasopharynx through a catheter. Thirteen otherwise healthy patients received either high-flow oxygen therapy for 30 min followed by low-flow oxygen therapy for a further 30 min after operation or the same therapy in reverse order. With the patients breathing room air, arterial hypoxaemia could be demonstrated with Pao t inversely related to age. The increase of Pao, during either oxygen treatment was significantly greater with the low flow system. Impairment of arterial oxygenation in the period after operation is a common occurrence even in young patients without pre-existing respiratory or cardiovascular disease. The impairment is most profound and persistent after upper abdominal surgery and thoracotomy. However, arterial hypoxaemia seems an almost inevitable sequel to surgery requiring general anaesthesia for more than 20 min, despite normal Paco^ cardiac output and oxygen consumption, and in absence of evident pulmonary complications. Extensive reviews on the subject have been presented Marshall and Wyche, 1972; Conway, 1975; Hewlett and Branthwaite, 1975) .
Impairment of arterial oxygenation in the period after operation is a common occurrence even in young patients without pre-existing respiratory or cardiovascular disease. The impairment is most profound and persistent after upper abdominal surgery and thoracotomy. However, arterial hypoxaemia seems an almost inevitable sequel to surgery requiring general anaesthesia for more than 20 min, despite normal Paco^ cardiac output and oxygen consumption, and in absence of evident pulmonary complications. Extensive reviews on the subject have been presented Marshall and Wyche, 1972; Conway, 1975; Hewlett and Branthwaite, 1975) .
Although the beneficial effect of oxygen therapy in relieving hypoxaemia after operation has been well established, there are relatively few controlled clinical trials which have assessed the comparative efficiency of techniques available for the administration of oxygen (Conway and Payne, 1963; Heller, Watson and Imredy, 1965; Robertson, 1969; Tantum, 1969; Drummond, 1975; Drummond and Milne, 1977; Drummond and Wright, 1977) . We have compared two commonly used, patient-dependent, variable performance devices applying a high-flow, humidified, and a low-flow, dry oxygen delivery technique, respectively.
PATIENTS AND METHODS
Thirteen adult patients (table I) or signs of chest or heart disease, who had undergone upper abdominal surgery were studied. All had received diazepam orally about 1 h before operation. Anaesthesia was induced with thiopentone and suxamethonium was given to facilitate tracheal intubation. Anaesthesia was maintained with nitrous oxide in oxygen and either halothane or droperidol and fentanyl. Neuromuscular blockade was produced with pancuronium and antagonized at the end of the operation with neostdgmine and atropine. With the patient breathing spontaneously, pure oxygen was administered for the 7 min before withdrawal of the tracheal tube. The patients were allocated randomly to receive either high-flow, humidified oxygen therapy for 30 min followed by low-flow, dry-oxygen therapy for a further 30 min or the same in reverse order.
In the recovery room femoral artery blood was sampled and the time noted. A second sample was taken after 30 min of oxygen treatment and a third at the end of the second treatment. Samples were collected in heparinized 1-ml B 109 Arterial Blood Sampler Syringes (Radiometer) and were analysed for PDj, Pco 2 and pH at 37 °C within 3 min of collection using an automatically calibrated ABL-2 Acid-Base Laboratory (Radiometer) with a halothaneinsensitive E5049 oxygen electrode (Kokholm and Mikkelsen, personal communication). The results were corrected for the difference in temperature between the patient and the electrode (Severingnaus, 1966) .
The high-flow system was devised to administer oxygen or oxygen-air mixtures through a nasal cannula at high flow rates approximating to the peak inspiratory flow, thereby decreasing the admixture of room air (Lomholt, 1968) . To make this acceptable to the patient the gas must be saturated with water vapour at body temperature. A mixed flow of oxygen 2 litre min" 1 and atmospheric air 13 litre min" 1 entered the system from two separate Rotameter flowmeters and passed through a hot water humidifier (Hygrotherm, S & W, Copenhagen) with a temperature of 50-55 °C to achieve full saturation and a temperature close to 37 °C at the patient end of the system. The mixture was delivered to the patient through a 25-cm (i.d. 6 mm) flexible soft plastic tube with the distal 1-cm nylon foam-collared end inserted into the anterior nares and the proximal end connected to the humidifier through a 160-cm wide-bore corrugated tube with a T-piece interposed to allow measurement of temperature.
In the low-flow system oxygen 2 litre rnin" 1 was delivered to the patient through a 40-cm (i.d. 2 mm) soft plastic catheter with the distal perforated end placed so that the tip was just visible beneath the soft palate and the proximal end conneaed to the flowmeter through a 160-cm (i.d. 6 mm) rubber tube. The same flowmeter unit was used for both treatments.
Statistics
Fisher's exact probability test was applied to data with a nominal scale of measurement. Data with a ratio scale of measurement were analysed with the Mann-Whitney test when comparing the data of two random samples and the Wilcoxon test when comparing paired observations. The relationship between Pao 2 and age was assessed by calculation of the least squares linear regression. The level of significance was 0.05.
RESULTS
Six patients received low-flow oxygen therapy followed by high-flow (group A), and seven received the reverse order (group B). There was no disparity in age, sex, weight, height, deviation from the average weight (Documenta Geigy, Scientific Tables) or time lag from extubation to withdrawal of the first arterial sample (table I) between the groups. No patient was obese. There were cigarette smokers in both groups, but none smoked more than 10 cigarettes per day. No patient was hypotensive during the study, and none shivered. All had normal haemoglobin concentrations.
The individual Pao 2 and Paco 2 values breathing air and during either method of oxygen therapy are given in table II. (To facilitate comparison with previous investigations the gas tensions of figures 1 and 2 are stated in mm Hg and in kPa). In figure 1 the Pao 2 values after operation and breathing air are shown in relation to age. Using a mean regression line from normal healthy subjects based on pooled data (Marshall and Wyche, 1972) as reference the Pao 2 were decreased consistently after operation. A significant negative correlation between Pao 2 and --12
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• 6 age could be shown, and the slope of the calculated regression line was appreciably steeper than that of the mean regression line. During high-flow oxygen therapy Pao 2 in more than half of the patients exceeded the corresponding value of the mean regression line, while all but one exceeded these values during low-flow therapy. However, no correlation between Pao 2 and age could be demonstrated during oxygen therapy.
The distribution of Pao 2 and Pfecoj breathing air and during oxygen treatment is shown in figure 2. Both methods of oxygen therapy resulted in statistically significant increases of Paojj. However, P&o a during low-flow therapy was significantly greater than Pzot during high flow. There was no difference between values in group A and group B. Paco 2 did not change significantly after oxygen therapy, and there was no difference in Paco 2 between low-flow and high-flow therapy.
DISCUSSION
Oxygen therapy has an effect on arterial oxygenation in the presence of true shunt fractions up to about 30% (Benatar, Hewlett and Nunn, 1973) . However, as high oxygen concentrations are required to compensate entirely for even moderate degrees of shunting, arterial hypoxaemia resulting from an increase in frank shunting cannot be overcome by conventional oxygen therapy, whereas the decrease in Pao 2 in the period after operation is restored usually to normal by even modest oxygen enrichment. There is evidence indicating two separate components of hypoxaemia following surgery (Conway, 1975; Leigh, 1975) . Early hypoxaemia occurs in the first few hours after operation, has little relationship to operative site, and is chiefly attributable to mismatching of ventilation to perfusion (Kitamura, Sawa and Ikezono, 1972) . Late hypoxaemia depends upon the site of operation, and is the result of the combined effects of ventilation/perfusion imbalance and transpulmonary shunting (Conway, 1975) . Several reports have confirmed that age affects postoperative oxygenation (Palmer and Gardiner, 1964; Marshall and Millar, 1965; Nunn, 1965; Fairley et al., 1968; Davis and Spence, 1972; Drummond, 1975) and that the inverse relation between Pao 2 and age normally seen in healthy conscious man (Conway, Payne and Tomlin, 1965; Marshall and Millar, 1965; Fairley et al., 1968; Kitamura, Sawa and Ikezono, 1972; Drummond, 1975) may be exaggerated (Palmer and Gardiner, 1964; Kitamura, Sawa and Ikezono, 1972; Drummond, 1975) .
In the present investigation marked hypoxaemia was encountered in the period immediately after operation. The mean Pioz value in this study corresponds closely to those found by Palmer and Gardiner (1964) , Kitamura, Sawa and Ikezono (1972) , Drummond (1975) and Drummond and Wright (1977) in similar clinical circumstances, but the regression line relating Pao2 to age was steeper (slope = -0.67 against -0.43, -0.43, -0.47 and -0.48) and the intercept slightly greater (98.6 against 97.7, 94.0, 88.9, and 90.4) . This may reflect the short time lag between extubation and measurement of Po a in this study.
In the period immediately after the termination of anaesthesia " post-hyperventilation hypoxia" (Salvatore, Sullivan and Papper, 1969) and "diffusion hypoxia" (Fink, 1955; Frumin and Edelist, 1969) may contribute to arterial hypoxaemia. However, these effects are transient and mild, and considering the time lag from withdrawal of nitrous oxide and return of spontaneous respiration to the first arterial sample, it is unlikely that they have influenced the results. In one patient (number 7) significant hypercapnia may account for the hypoxaemia observed. Pacoa values of the remaining 12 patients were normal or near normal, and did not change significantly during the investigation. The greatest tracheal or alveolar oxygen concentrations achieved by the administration of oxygen at a flow rate of 2 litre min" 1 through nasopharyngeal catheters or nasal cannulae do not exceed 25% (Bethune and Collis, 1967; Gibson et al., 1976) . Even so, Pao 4 increased significantly during both forms of oxygen therapy, strongly supporting the concept of ventilation/ perfusion inequality as a factor of major importance in early postoperative hypoxaemia. The great variation of Pao a during therapy, and poor correlation with age, probably reflects different respiratory patterns among the patients, as both systems were patient-dependent with flow rates of less than the normal peak inspiratory flow rate. A varying degree of true shunt and maldistribution of ventilation from patient to patient may have contributed to the scatter; and even the effect of controlled oxygen therapy is predicted only poorly on the basis of the age of the patient, suggesting other factors, such as posture, smoking, pain and abdominal distension (Drummond, 1975) .
There are two explanations of the different Pao* values with high-flow and low-flow therapy. First, the flow rate of the gas delivered to the patient dictates that the gas can be utilized completely only during the part of inspiration where the inspiratory flow rate exceeds the flow rate of the gas. During the rest of the breathing cycle varying amounts of the gas offered will be lost. Obviously, the unexploited fraction of the total flow, and consequently of the oxygen flow, will increase with increasing flow rate. Thus, the high flow rate resulting from the intentional dilution of oxygen with air causes more of the delivered oxygen to be lost than the low flow rate of undiluted oxygen. Second, administration of gas by the nasal route causes a reduction in the effective deadspace faulting from flushing of the nasal and pharyngeal sections of the anatomical deadspace during the last part of expiration and in the postexpiratory pause (Bethune and Coins, 1967; Leigh, 1970; Shapiro, 1973) . Low-flow therapy will result in a small anatomical reservoir with high oxygen concentration, while high-flow therapy will produce a greater reservoir with a lower oxygen concentration. As the capacity of the reservoir is limited, the greater oxygen concentration achieved during low-flow therapy may outweigh the greater reservoir during high flow.
Although the oxygen flux is determined by the product of arterial oxygen content and cardiac output, a normal Pao 2 is nevertheless an important prerequisite for maintaining sufficient transport of oxygen with no undue strain on the cardiovascular system. In the period after operation this can only be achieved by administration of oxygen. Naturally, the rational foundation of therapy should be the provision of predictable and consistent inspired oxygen concentrations. However, with due respect to resources and priorities, normal Pao 2 values can be accomplished at moderate flow rates of oxygen with simple and cheap, variable performance devices such as nasal cannulae or nasopharyngeal catheters. While the latter method seems to be more efficient at identical small flow rates of oxygen, the former appears to be more comfortable and convenient to the patient (Kory et al., 1962; Tantum, 1969) . Tantum, K. R. (1969) 
SUMASIO
Se compararon las eficiencias de dos tecnicas de ejecucidn variable, que estan en funcion de paciente, mediante terapia de oilgeno, para aliviar la hipoxemia despues de llevar a cabo cirugla de la parte superior del abdomen. Un sistema de gran flujo entreg6 una mezda humidificada de 2 litres min" 1 de oxigeno y de 13 Utros min-1 de aire, a traves de una rtSnnlg insertada en las fosas nasales anteriores. El 8istema de poco flujo entrego 2 litres min" 1 de oxigeno seco en la nasofaringe, a traves de un cateter. Trece paciente, sanos en otros respeaos, redbieron bien una terapia de gran flujo de oxigeno por espado de 30 minutos, seguida por una terapia de bajo flujo de oxigeno por un espado adidonal de otros 30 minutos despues de la operaddn, o esta misma terapia en orden invertido. La hipoxemia arterial podria demostrarse mediante la reladon inversa entre Pao, y la edad, con los padentes respirando aire de la habitadon. El incremento de Pao, durante cualquiera de los tratamientos de oxigeno fue significativamente superior para d sistema de bajo flujo.
